Abstract The purpose of this study is to determine the present levels of atmospheric trace element pollution in the Murat Mountain of Aegean Region in the western part of Turkey. Therefore, 29 different plants were selected as potential biomonitors of trace elements including nickel, zinc, iron, lead, cadmium and manganese (lg/g, dry weight). The samples were collected from two different heights of Murat Mountain. Atomic absorption spectrometry was used to determine the concentrations of trace elements. The mean concentrations determined at 1,000 m altitude ranged from 0.139 to 4.518, 0.223 to 0.986, 0.359 to 6.930, 0.443 to 0.727 and 0.077 to 3.222 lg/g, dry weight, for nickel, zinc, iron, lead and manganese, respectively. At 1,600 m altitude, the values ranged from 0.191 to 6.248, 0.302 to 1.008, 2.387 to 8.896, 0.345 to 0.570 and 0.195 to 3.502 lg/g, dry weight, for nickel, zinc, iron, lead and manganese, respectively. No cadmium was found at both altitudes. For determination of existence of any differences between the averages of the herbaceous and woody plants, comparisons were made by the independent sample t test. In the statistical analysis, comparison of trace element pollution values of herbaceous and woody plants for nickel, lead and manganese was significant (P \ 0.05), while it was not for iron and zinc.
Introduction
Environmental toxicology deals with toxic substances, their adverse effects on living organisms, and environmental pollution assessment. Chemical contamination may affect ecosystems, causing changes in the functions of particular organisms or modifying the physical properties of the environment (Gadzala-Kopciuch et al. 2004) . The relationships between the xenobiotic, environment and organism may, under certain conditions, result in the degradation of toxic compounds through their modification, inducing changes in the environment and producing a negative effect on living organisms (Brandys et al. 1999) . Toxic chemical substances introduced into the environment may be transported by the air, water and living organisms. These substances can be found in the whole biosphere. They become a part of the natural biogeochemical cycle and accumulate in the food chain. They also affect humans, causing various poisonings, toxicoses, and even neoplastic diseases (Nalecz-Jawecki and Sawicki 1998).
All components of the biosphere are polluted by a variety of inorganic and organic xenobiotics as a result of anthropogenic activities and alter the normal biogeochemical cycling. Among them, trace element contamination of the biosphere has increased sharply since 1900 and poses major environmental and human health problems worldwide (Prasad and Freitas 2003) . Although trace elements are natural components of the environment, they are emitted into the environment in different ways; through natural sources such as continental dust, volcanic dust and gas, sea spray and biogenic particles or through anthropogenic inputs, i.e., transportation, industry, fossil fuels, agriculture, and other anthropogenic activities (Aksoy et al. 2000) . For most of the toxic trace metals, anthropogenic inputs are more important than natural sources. Maninduced mobilization of trace metals into the biosphere has become an important process in the global geochemical cycling of these elements. This effect is most evident in urban areas where several stationary and mobile sources (industrial activities, energy production, construction, urban waste treatment, vehicle exhausts) release large quantities of trace metals into the atmosphere, soil and aquatic ecosystems very often exceeding the natural emission rates (Samura et al. 2003) .
Biological monitoring within a quality control program involves the systematic use of living beings for obtaining quantitative information on changes in the environment, often due to anthropogenic activities (Bargagli 1998) . Biological responses can be considered more representative than data supplied by chemical or physical detectors, in that they are spatially and temporally extensive; moreover, they allow for estimating both the levels of pollutants and, even more important, the impact on biological receptors (Calzoni et al. 2007) . For this reason, in order to evaluate, minimize and avoid detrimental effects of toxic metals, there has been an emphasis in the use of natural bioindicators to monitor atmospheric quality in both urban and rural environments (Szczepaniak and Biziuk 2003; Ng et al. 2005 ).
Plants as bioindicators
Plant organisms play an important role in their natural habitats-they supply oxygen, control organic substance circulation and biological balance of the soil and bottom deposits, provide food and shelter to other organisms (Manning et al. 2002) . Phytoindicators are more and more frequently used for ecosystem quality assessment due to their sensitivity to chemical changes in environmental composition and the fact they accumulate pollutants. The use of plants as bioindicators has many advantages, including low costs, the possibility of long-term sampling and high availability (Gadzala-Kopciuch et al. 2004) . Moreover, using different types of vegetation, the levels of atmospheric trace metallic concentrations have been successfully monitored (Dogan et al. 2007; Onder et al. 2007 ). Biomonitoring provides the cheapest and simplest method for monitoring trace metals elements in the atmosphere (Kaya and Yaman 2008; Cayir et al. 2008) .
Regarding the use of plants as bioindicators, many studies have been carried out alongside the urban and rural habitats in Turkey in this direction (Baslar et al. 2003 (Baslar et al. , 2005 Yilmaz and Zengin 2004; Yilmaz et al. 2006; Dogan et al. 2007 Dogan et al. , 2010 Cayir et al. 2008; Ozturk et al. 2008; Huseyinova et al. 2009 ). The samples collected in some of these studies have used mountainous areas as control group with the assumption that these are unpolluted (Baslar et al. 2003 (Baslar et al. , 2005 Yilmaz and Zengin 2004; Dogan et al. 2007 ). Present investigation is important in terms of determining trace element levels in mountainous areas which are considered to be free of trace elements and, therefore, taken as reference.
Materials and methods

Study area
The Mt. Murat, the highest mountain in Kutahya and Usak provinces, creates a natural border between these two provinces ( Fig. 1) . It has many hills and plateau, and the highest among them is 2,312 m. It is one of the highest mountains of the Aegean Region with this feature. Mountain is covered with pine forests are becoming scarce toward the peak. Hot water resources are located near the summit areas. These resources have been turned into thermal springs and spa centers by the various agencies and local people.
The location of the sampling points on steep slopes provides results depending on altitude rather than on horizontal distance (Zechmeister 1995) . The samples were collected from 1,000 and 1,600 m above the sea level at a distance of 35-40 km away from the city center.
Collection and preparation of samples and chemical analysis
The plants were collected from 1,000-and 1,600-m altitudes during July-August 2006. A total of 29 plant species were collected on the windward side of the Mt. Murat, 15 species from 1,000 m and 14 species from 1,600 m. The determination of the plant samples was carried out according to Davis (1965 Davis ( -1985 , Davis et al. (1988) and Guner et al. (2001) .
About 200 g of grown leaves of bushy species and about 200 g of aboveground parts of herbaceous plants were collected for analyses. The samples were dried in oven at 80°C for 24 h, milled in a micro-hammer cutter and fed through a 0.2-mm sieve. The samples were stored in clean self-sealing plastic bags under silica gel desiccant. Contamination from the micro-hammer cutter was negligible during the grinding because it was washed after every grinding, first with absolute alcohol then with distilled water.
Wet digestion procedure
The method used for plant digestion is described by Perkin Elmer Corporation (Anonymous 1996) . The digested samples were aspirated into an air-acetylene flame and the metals determined by flame atomic absorption spectrometry (FAAS). The reproducibility of the method used in decomposing the leaf samples was checked by carrying out a triplicate analysis. All samples were analyzed immediately after digestion.
Reagents
All chemicals used were of analytical reagent grade unless otherwise specified. Triple distilled water was used throughout the experiments. Working metal standard solutions were prepared just before use, by diluting the stock standard solution with water. Stock standard solutions were prepared from high purity metals, oxides or nonhygroscopic reagent grade salts using deionized distilled water and redistilled nitric or hydrochloric acids. The digestion method and the flame atomic absorption spectrophotometry (FAAS) analysis were validated by preparation of a multi-element standard solution (MESS) containing 1,000 mg/l of each metal.
Instrumentation
Determination of the metals was performed with Perkin Elmer Analyst 700 model flame atomic absorption spectrometer equipped with deuterium background correction, hollow cathode lamps (HCl) and acetylene burner. The absorption measurements of the metals were performed under the conditions recommended by the manufacturer (Table 1) . A Cole-Parmer microfiltration apparatus with membrane filter (0.45 lm pore size manufactured by Micro Filtration Systems) was used for the filtration of the aqueous phase before metal determination.
Statistical data analysis
Statistical significance was determined by the independent sample t test. In the independent sample t test, comparisons were made in order to determine whether there were any differences between the averages of the herbaceous plants and woody plants. Differences at P \ 0.05 were considered to be significant. A Statistical Package (SPSS 15.0) was used in the analysis of t test for the data collected. Fig. 1 Geographical location of the study area (Table 3) . No Cd values were determined in the samples collected from both heights. The aggregation of investigated trace elements in plants collected from 1,000 m of the Mt. Murat was presented in Table 2 . From the Table 2 , it can be seen that Ni content was the highest in Alyssum fulvescens ssp. fulvescens (4.518 lg/g), and the lowest in Lolium temulentum (0.139 lg/g). Zn content was the highest in Stachys cretica ssp. smyrnaea (0.986 lg/g), the lowest in L. temulentum (0.223 lg/g). It was determined that Fe content was the highest in Quercus cerris ssp. cerris (6.930 lg/g), whereas the lowest in L. temulentum (0.359 lg/g). In terms of Pb content, A. fulvescens ssp. fulvescens (0.727 lg/g) was the highest, and Cedrus sp. (0.443 lg/g) was the lowest. Mn content was the highest in A. fulvescens ssp. fulvescens (3.222 lg/g), the lowest in Cistus creticus (0,077 lg/g). In 1,000 m, the highest values were recorded as Ni, Pb and Mn in A. fulvescens ssp. fulvescens, Zn in S. cretica ssp. smyrnaea and Fe in Q. cerris subsp. cerris.
From the Table 3 , it can be seen that Ni content was highest in A. fulvescens ssp. fulvescens (6.248 lg/g), whereas the lowest in Platanus orientalis (0.191 lg/g). In terms of Zn content, it was the highest in Celtis australis (1.008 lg/g), and the lowest in Inula orientalis (0.302 lg/ g). Fe content was highest in Orobanche sp. (8.896 lg/g), and the lowest in Pinus nigra subsp. pallasiana (2.387 lg/ g). It was seen that Pb content was highest in P. nigra subsp. pallasiana (0.570 lg/g), whereas the lowest in C. australis (0.345 lg/g). The highest Mn content was observed in Orobanche sp. (3.502 lg/g), while the lowest Mn content was in C. australis (0.195 lg/g). In 1,600 m, Ni content was highest in A. fulvescens ssp. fulvescens, Zn was highest in C. australis, Fe and Mn was highest in Orobanche sp. and Pb was highest in P. nigra subsp. pallasiana.
In the statistical analysis, comparison of trace element pollution values of herbaceous and woody plants for Ni, Pb and Mn was meaningful (P \ 0.05), while it was not for Zn and Fe (Table 4) . When the mean values of trace element The West Anatolian region is one of the most important areas for industrialization, population density and traffic in Turkey. Rapid urbanization, increasing number of vehicles on the roads and industrialization has resulted in the increase of pollution in the region. Therefore, the plants, which are used as biomonitor to investigate the levels of the trace elements Cd, Ni, Zn, Fe, Pb and Mn (lg/g, dry weight), were sampled with 29 different species at two different levels of height in the Mt. Murat.
Various researchers have explained the sources for accumulation of some other trace elements. For example, Pb and Zn originate mainly from anthropogenic activities such as burning of fossil fuels and mining activities (Alfani et al. 2000; Blok 2005; Oliva and Rautio 2005) . Major anthropogenic sources of Ni are burning of coal and oil, production of Cu, Ni and Pb, mining operations, steel works and cement industry (Nriagu and Pacyna 1988) . Loppi et al. (1999) have reported that plants were highly affected from contamination of soil by Fe and Mn in the Mediterranean climate zone, although airborne Mn originates mainly from soil (Bargagli et al. 2003; Oliva and Rautio 2005) , Fe originates both from anthropogenic and natural sources (Oliva and Rautio 2005) . According to the Osteras et al. (2000) , Cd enters forest soils via atmospheric deposition, originating from burning of fossil fuels, mining activities and via spreading of lime and fertilizers, as such this could be the reason for the studied area because very little fossil fuels are used in this area, and traffic is negligible.
The accumulation of trace elements in plants' parts was investigated by various researchers in different parts of the world, as well as in Turkey. Among the results of other researchers, some of them are given below for comparison of the findings: Dijingova et al. (1995) The high concentration of trace elements in soils is reflected by higher concentrations of metals in plants, and consequently in animal and human bodies (Buszewski et al. 2000) . Bowen (1979) has reported the normal natural concentration intervals for land plants as Cd 0.2-2.4 lg/g, Ni 1-5 lg/g, Zn 20-400 lg/g, Fe 70-700 lg/g, Pb 1-13 lg/g, Mn 20-700 lg/g. Comparison of results (Table 2, 3) with other researchers findings clearly shows that obtained values are suitable for the accepted range determined by Bowen (1979) . Hence, the area studied is free from the contamination of trace element pollution concerning the trace elements investigated. Baslar et al. (2009) Some plant species (such as A. fulvescens, Cupressus sempervirens, Cupressus arizonica, Pinus halepensis) are more convenient for biomonitoring of atmospheric deposition of pollutants (Baycu et al. 2006; Kaya and Yaman 2008) . The ability of these plants to absorb and accumulate xenobiotics makes them useful as indicators of environmental pollution (Buszewski et al. 2000) . These plants have been shown to be resistant to trace elements and are capable of accumulating them into their roots and leaves and transporting these soil pollutants to high concentrations. Thus, biologically engineered methods designed to improve the use of phytoremediation to reduce the amount of trace elements in contaminated soils (Mudgal et al. 2010) .
Phytoremediation is a technology of treating the environment in which some plant species use their large abilities to accumulate pollutants (Szyczewski et al. 2009 ). The plant used in the phytoremediation technique must have a considerable capacity of metal absorption, its accumulation and strength to decrease the treatment time. Many families of vascular plants have been identified as metal hyperaccumulator (Reeves and Baker 2000; Prasad and Freitas 2003) , and many of them belongs to Brassicaceae (Mudgal et al. 2010) . The examination of plant samples used in this study in terms of accumulation values showed that the high values of A. fulvescens ssp. fulvescens, is a member of Brassicaceae family, support this opinion. Therefore, this plant can be considered as a suitable plant for phytoremediation.
In the statistical analysis, comparison of trace element pollution values of herbaceous and woody plants for Ni, Pb and Mn was significant (P \ 0.05), while it was not for Fe and Zn (Table 4) . Kula et al. (2010) found the difference between the values of Fe, Pb and Mn from herbaceous and woody plants of Mt. Akdag statistically significant, while Yildiz et al. (2010) found the values of Fe and Mn statistically significant in their work on Mt. Bozdag. When compare the results of this study with those of above two studies, it can be concluded that especially the concentration of Mn displays statistically significant difference between herbaceous and woody plants of the area.
Conclusion
In the present study, the plants used as biomonitor to investigate the levels of the trace elements Cd, Ni, Zn, Fe, Pb and Mn (lg/g, dry weight), were sampled with 29 different species at two different heights (1,000 and 1,600 m) in the Mt. Murat. The results proved that the plants selected by this study accumulate some metals in assimilation organs and roots. Thus, some of these plants (such as A. fulvescens ssp. fulvescens) can be recommended as indicators for determination of pollution levels of the environment.
Metal accumulation level in plants, an important parameter in the appreciation of lendable species for phytoremediation process, demonstrate that some of analyzed species are good accumulators, but because of quite low accumulation level these species are not efficient in the hard-polluted soil bioremediation.
Techniques related to phytoremediation is still in its early development stages and full scale applications are still limited. For prevalent future use of this technique, it is important that public awareness about this technology is considered and clear and definite information is made available to the general public to enhance its acceptability as a global sustainable technology to be widely used.
The contamination of environment by trace elements causes a serious problem because they cannot be naturally degraded like organic pollutants and they accumulate in different parts of the food chain. So, application of the established sampling procedures and determination methods for xenobiotics in environmental samples can be successfully applied for the purpose of analyses in biomonitoring
